correlation coefficient 0.20). Most cases of pathological downgrading consisted of benign cores at biopsy. Therefore, TRUSBx did not give additional Gleason score (GS) information in 86% of patients. Of 41 RP patients, the respective rates were 61, 22 and 17% (Spearman correlation coefficient 0.15). The majority of them retained a similar or lower GS between TURP and RP. Of 13 whole mount maps analysed, 6 (46%) were found with anterior/transitional zone (AZ/TZ) tumours, 6 (46%) with multifocal tumours and 1 (8%) with a large peripheral zone (PZ) tumour extending into the TZ. Regional population data show that despite a gradual reduction in the proportion of TURP-diagnosed cases over the past decade, they still account for 8.5-13% of all new cases. Conclusion: TURP-diagnosed prostate cancers represent predominantly AZ tumours. A TRUSBx does not give additional GS information in a majority of cases, and therefore is not routinely indicated. It may be selectively useful prior to active surveillance, but not in all pursuing radical treatment. These findings may help reduce unnecessary TRUSBx in the population. . The Gleason scores from TURP were compared to those from TRUSBx or RP. Whole mount maps from RP were analysed to provide an anatomical basis for the correlation observed. To determine the clinical impact of this problem, the incidence of TURP-diagnosed prostate cancer in the population was also determined. Results: Of 22 patients who underwent TRUSBx, the rates of Gleason score concordance, upgrading and downgrading were 32, 14 and 54% respectively (Spearman
Introduction
Transurethral resection of the prostate (TURP) remains the gold standard of surgical treatment for symptomatic bladder outlet obstruction secondary to benign prostatic hyperplasia (BPH) [1] . The contemporary prevalence of prostate cancer incidentally found at TURP is variable, accounting for 7-17% of all diagnosed cases of prostate cancer in selected populations [2] [3] [4] [5] [6] . This observation is concordant with pathological mapping studies demonstrating the peripheral zone (PZ) as the primary focus of prostatic adenocarcinoma in a majority of cases [7] [8] [9] . Therefore, following an incidental diagnosis of prostate cancer after TURP, it is not uncommon for urologists to advocate additional transrectal ultrasound-guided needle biopsy (TRUSBx) in an attempt to provide a more representative assessment of the extent and grade of cancer present. There are however no guidelines relating to best clinical practice in this situation, leading to a widespread variation in clinical management. Although TRUSBx may be performed easily and safely in the clinic, there are procedure-related morbidities such as bleeding and urinary infections which may be potentially lifethreatening [10, 11] . In addition, it is not clear whether such additional procedures add value to clinical decisionmaking. To date there are no publications on this topic, making an accurate perspective to this clinical problem difficult to achieve. Existing publications focus on patients who were screened with a TRUSBx prior to TURP, but they do not discuss the role of TRUSBx after a TURPbased cancer diagnosis [12] [13] [14] . In this study, we compared the histological findings from primary adenocarcinoma of the prostate incidentally diagnosed at TURP performed for BPH with corresponding samples obtained from a subsequent TRUSBx or radical prostatectomy (RP). In cases where whole mount maps of the prostate gland were available after RP, the location and size of the tumour lesions were assessed to elucidate a possible anatomical basis that might account for the pathological correlations identified.
Materials and Methods
A multicentre search was initiated to identify patients from prospectively maintained cancer registries in the UK and Australia. The period of study was 2001-2010. Patients who had a subsequent TRUSBx following incidental prostate cancer diagnosis were identified from interrogation of the prostate cancer records of the UK Eastern Cancer Registration and Information Centre (ECRIC). Patients who had a RP following diagnosis by TURP were identified from the Departments of Urology, Addenbrookes Hospital (Cambridge), Norfolk and Norwich Hospital and Royal Melbourne Hospital (Australia). Only TRUSBx or RP procedures performed within 18 months of TURP were accepted so as to maximise the detection of any missed synchronous tumours. We also focused on men aged 75 or less so as to specifically assess men who would most likely be eligible for radical therapy. Men with a known history of prostate cancer were excluded, as were men who had TRUSBx prior to TURP. The variables analysed included patient demographics, preoperative prostate-specific antigen (PSA), pathological primary and secondary GS, weight of resected tissue (from TURP), number of cores taken during TRUSBx, and location of tumour lesions (based on whole mount slides after RP). Tumour stage was not assessed in this study. Statistical analysis was performed using Spearman correlation coefficient and Wilcoxon rank-sum test with significance defined at p < 0.05. In this study, pathological GS groups were classified into those with a GS of 6, 7 and ≥ 8. Pathological up-or downgrading of the GS was defined as a change from one GS score group to another [15] . Finally, to gain an accurate perspective on the clinical impact of this topic, we further interrogated the ECRIC database to define the prevalence of TURP-diagnosed prostate cancer in the Eastern England Cancer Network over the last decade.
Results

Patient Demographics
There were 63 suitable patients identified for this study from our multi-institutional cohort search. The mean age of the patients was 63 years (range 47-73) and the mean preoperative PSA level was 6.8 ng/μl (range 0.3-41). Most patients were found to have tumours with pathological GS 6 (59%, 37/63), followed by GS 7 (38%, 24/63) and GS 8 (3%, 2/63) ( table 1 ). The mean prostate weight resected at TURP was 23.6 g (range 2.4-93). The pathological stage was T1a in 54% (34/63) of patients and T1b in the remaining cases (1 patient with missing variable). Following TURP, 35% (22/63) and 65% (41/63) of patients underwent subsequent TRUSBx and RP respectively. There were 11% (7/63) of patients who underwent TRUSBx followed by RP.
Comparison of Pathology between TURP and TRUSBx
We first tested the yield of a subsequent TRUSBx following TURP cancer diagnosis. For patients who underwent TRUSBx, a mean of 12 (range 7-19) cores were obtained at the procedure, which was performed at a mean interval of 8.3 months (range 1-18) following TURP. The concordance rate of GS between TURP and TRUSBx was 32% (7/22) (Spearman correlation coefficient 0.20) ( table 2 ) . On the other hand, 54% of cases (12/22) were pathologically downgraded on TRUSBx, and 14% (3/22) cases were upgraded. In 10 cases of path-ological downgrading there was no cancer detected at TRUSBx. Therefore, in 86% (19/22) of these patients, a subsequent TRUSBx did not yield additional new pathological grade information. There were 7 patients who underwent both TRUSBx and RP. Three patients had a concordant GS between TURP and RP. In these three cases, an additional TRUSBx would not have provided additional information regarding the final GS. In 4 patients with discordant GS between TURP and TRUSBx, only 1 case demonstrated pathological upgrading at TRUSBx, which was confirmed at RP. Therefore, in this small subset of patients, an intervening TRUSBx between TURP and RP provided useful GS information in only 15% of individuals (1/7) (online suppl. table 1, www.karger.com/doi/10.1159/000350898).
Comparison of Pathology between TURP and RP
We next repeated the analysis in patients who underwent RP after TURP. Here we were specifically interested in tumour grading as well as tumour location. 61% (25/41) of men had concordant GS between TURP and RP (Spearman correlation coefficient 0.15) ( table 3 ). The rates of pathological up-and downgrading were 22% (9/41) and 17% (7/41) respectively. The majority of cases therefore retained a similar or lower GS between TURP and RP.
Whole mount maps from RP specimens were available in 13 matched cases, which allowed analysis of tumour location and volume of TURP-detected cancers. In these patients, 70% (9/13) had a concordant GS comparing TURP and RP. Of these 9 patients, 5 had tumours arising from the anterior zone (AZ) and transitional zone (TZ), 3 had multifocal tumours in both PZ and AZ, and 1 had a large PZ tumour extending into the TZ. Of the 4 patients with discordant GS the tumour locations were multifocal in 3 cases and TZ in 1 case. Therefore in 6 out of 13 cases, the primary tumour was found to be anteriorly located and largely in the TZ ( fig. 1 ).
Contemporary Incidence of TURP-Diagnosed Prostate Cancer
To define the clinical relevance of our study, we interrogated the ECRIC data registry to investigate the contemporary trends in primary cancer detection by TURP.
In this analysis we observed an increasing incidence of prostate cancer from 2001 to 2010. In contrast the number of cases of prostate cancer diagnosed via TURP has stayed relatively constant (approximately 200 cases per annum), but has decreased as a proportion of total cases (13.2% in 2001 vs. 8.5% in 2010) ( fig. 2 a) . When stratified by age groups, however, the proportions of TURP-diagnosed cancers at each age tier remained fairly constant throughout the decade. The only exception was in the <60 years cohort where there was a sustained decrease in more recent years ( fig. 2 b) . These data suggest that TURP-diagnosed tumours constitute about 10% of all cancers diagnosed. As such the issue of optimal investigation of these men remains a relevant topic, particularly in older men. 
Discussion
To our knowledge, this is the first study looking at the pathological correlation between Gleason grading at TURP and subsequent TRUSBx or RP. This cohort was confined to patients with no clinical suspicion of prostate cancer at the time of TURP. Clearly, individuals in this study are distinct from those where TURP was utilised as a modality of TZ biopsy following negative PZ biopsies, as the latter looked at patients with high indices of suspicion for prostate cancer [2, 16] . This study is also not intended to look at TURP as an alternative means to TRUSBx for primary diagnosis of prostate cancer generally.
Although TURP is not the predominant technique for detection of prostate cancer, population-based data from the region show that the prevalence of TURP-diagnosed cancer is not insignificant and would constitute up to 10% of all newly diagnosed cases. The ability for better discrimination in patient selection for secondary TRUSBx would still have considerable impact on healthcare resources and procedural morbidities (especially in the elderly population). Hence, establishing guidance for this approach would be a useful exercise. Interestingly, the relative rates of TURP-diagnosed cancers are fairly similar in other series from distinct patient populations [17] . Therefore, the yield from this study may potentially be extrapolated to other populations.
Given that the rate of pathological upgrading from TURP to TRUSBx is low (14% in this study), a routine secondary TRUSBx would possibly be useful in patients with apparent low-grade disease contemplating active surveillance (AS) or even watchful waiting. This may help identify the small proportion of men who actually harbour higher-grade tumours that would preclude AS. A re-biopsy in men who are diagnosed with GS 7 or above disease however is probably unnecessary. If RP is being considered, then a routine TRUSBx intended to detect higher-grade tumours is again unnecessary as surgery effectively removes the entire prostate gland for pathological analysis. Other authors have also reported low rates of pathological upgrading (from TRUSBx to RP) that range from 7 to 30% [18, 19] . This would lend further support to a selective role for TRUSBx only prior to consideration of a conservative management option. Where patients are being treated with radical radiation, a TRUSBx also may be selectively indicated in those with low GS, where subsequent detection of a high-grade tumour might influence the duration and administration of neoadjuvant androgen deprivation [20] [21] [22] .
A peripherally directed TRUSBx may help determine the feasibility of a nerve-sparing procedure. This study demonstrated that TURP-diagnosed cancers tend to be localised to the AZ and TZ (46% of cases with whole mount maps). In contrast, previous mapping studies have demonstrated the PZ as the predominant site of tumourigenesis in primary prostate adenocarcinoma [7, 9] . TURP-diagnosed cancers may therefore represent a group of cancers with a distinct anatomical mapping location, as compared to those conventionally detected through prostate needle biopsies. Given this information, it is reasonable to postulate that following a TURP diagnosis of prostate cancer, a routine peripherally directed TRUSBx would yield negative cores in half the time. This is, in fact, consistent with the observation in our TRUSBx cohort where there was a 46% incidence of negative biopsies. Furthermore, looking at the cohort of patients who underwent all three procedures (TURP, TRUSBx, RP), routine TRUSBx provided very limited additional information towards prediction of the final GS (at RP).
Nerve sparing is normally advocated for low GS tumours and it would be reasonable to suggest that a routine TRUSBx is not required for these men [23] . However, the presence of significant tumour volume in the prostate, as implied by a large tumour burden in the resected TURP tissue, may prompt a TRUSBx prior to RP. This may help detect significant PZ disease that may compromise surgical margins during nerve-sparing RP. In this instance however staging information by magnetic resonance imaging may equally be informative on tumour laterality and extent. Where GS ≥ 7 disease is diagnosed, a TRUSBx may be useful to identify the anatomical extent of the tumour and the laterality of the lesion. In this context however imaging may again be able to provide this information without the need for a repeat biopsy. Certainly ongoing improvements in imaging techniques will allow for precise determination of tumour location, size and the presence of extracapsular extension [24] [25] [26] . However, we also recognise that existing imaging modalities (such as magnetic resonance imaging) may have limited resolution in a postsurgical field, especially in the assessment of tumour burden in the remnant prostate. Yet, given that TURP resects tissue in the TZ only, the determination of capsular involvement should not be affected. In the future, higher-resolution imaging may overcome existing limitations and this may obviate the need for a biopsy altogether.
In this study, there were no patients with pT0 disease (no residual disease) at RP. In contrast, several other publications in the literature report pT0 rates of 2-48% [12] [13] [14] . Some patients in these studies had a TRUSBx prior to TURP, and those with a positive histology were subsequently treated via RP. Thus, these preceding studies have excluded patients with significant PZ disease (detectable by TRUSBx), while selecting for patients with predominant AZ/TZ tumours. To our knowledge, these studies do not describe TRUSBx after a TURP diagnosis of cancer and prior to RP. Therefore, the relative strength of our study is the inclusion of an 'unscreened' population that more closely approximates actual clinical practicemost patients do not receive a TRUSBx prior to TURP for BPH.
The limitations of this study include the difficulty in identification of a sufficient number of suitable patients. Despite a multicentre search strategy, the study cohort remained small, which is reflective of the limited prevalence of these patients in the population. Therefore, the only plausible manner by which sufficient patient numbers can be accrued would be via a prospective multicentre collaborative study. The existing database might not have captured patients who did undergo secondary procedures in a different institution within 18 months of TURP diagnosis. Other limitations of this study include its retrospective non-randomised nature, and therefore we accept the presence of a selection bias contributing to the choice of the secondary procedure (TRUSBx versus upfront RP). The RP group may also be inclined towards patients with localised disease, although all patients in this study had clinical stage T1c at diagnosis. Nevertheless, comparison of the baseline characteristics of the study cohort shows no obvious differences as compared to those reported in other published surgical series [27, 28] . There is also a lack of central pathological review. The retrospective nature of this study also does not allow for standardisation of the timing and extent of TRUSBx. We recognise that the quality of tissue sampling is related to the number of cores taken, and this is related to a patient's prostate volume and the clinician's preference. There is also no reliable means to establish the actual site of the prostate gland sampled during TRUSBx, but it would be reasonable to assume peripherally directed biopsies, especially in the presence of a TURP cavity.
We defined a time limit of 18 months between initial TURP diagnosis and subsequent TRUSBx. That would give a balance between the need for a re-biopsy versus the risk of tumour progression (while on surveillance). This time period also defined the window that allowed the capture of re-biopsy events in this retrospective review. Specifically, there were no guiding publications in the existing literature that would, otherwise, suggest a more appropriate time interval. Therefore, we drew inference from existing AS protocols, for which there is no consensus between institutions [29] [30] [31] [32] . For instance, patients on AS may undergo scheduled re-biopsies as early as 12 months post diagnosis, or only when triggered by an event (such as a rise in serum PSA levels). Thus, the stipulated time interval also allowed for existing variation in AS protocols. Finally, PSA data in the interval between TURP and re-biopsy or RP were also not available for the majority of men and hence we have not considered this variable in the study.
In conclusion, this study is the first to investigate the usefulness of a subsequent TRUSBx following the diagnosis of incidental prostate cancer after TURP. The findings of this study do not suggest that routine TRUSBx is indicated after a TURP diagnosis of cancer. Within the limits of our sample size and retrospective cohort, we suggest that a TRUSBx is indicated in low GS cancers where a decision for conservative management is being contemplated. For higher GS, the value of a TRUSBx is doubtful, particularly in the context of whole gland therapy. In men electing surgical management with nerve-sparing RP, the role of a TRUSBx remains unclear. In this context however improvements in tumour location and characterisation via non-invasive standard and functional magnetic resonance imaging may be an equally valid strategy which would avoid the need for a biopsy [24] . Further studies are needed to test and corroborate these findings and are likely to need multicentre collaboration.
